Plasma protein extravasation and vascular endothelial growth factor expression with endothelial nitric oxide synthase induction in gentamicin-induced acute renal failure in rats.
Microvascular hyperpermeability to plasma proteins via vascular endothelial growth factor (VEGF) with endothelial nitric oxide synthase (eNOS) induction may contribute to wound healing through matrix remodeling. However, vascular hyperpermeability is not examined in acute renal failure (ARF), a unique form of wound healing. Subcutaneous injection of gentamicin (400 mg/kg per day for 2 days in divided doses every 8 h) in rats increased serum creatinine levels and induced tubular damage, which peaked at day 6, after the last gentamicin injection. Ki67-positive regenerating proximal tubules (PTs) peaked in number at day 6 and almost covered the bare tubular basement membrane (TBM) by day 10. Staining of fibrinogen and plasma fibronectin began to increase in the peritubular regions as early as day 0, steadily increased in TBM and tubular lumen until day 6 and then decreased. Hyperpermeable peritubular capillaries were identified by extravasation of perfused-fluoresceinated dextran (both 70 kDa and 250 kDa) into peritubular regions as early as day 0 and prominently into TBM and tubular lumen at day 6. Electron microscopy further suggested the intraendothelial pathway of dextran. Immunoreactive VEGF increased in the damaged and regenerating PTs. Immunoreactive VEGF receptors-1 and -2 did not change, but immunoreactive eNOS increased in the peritubular capillaries after induction of ARF. Western blotting for VEGF and eNOS supported the immunostaining findings. In addition, we assessed the effects of NOS inhibitor N-nitro-L-arginine methyl ester (L-NAME) on vascular hyperpermeability during the recovery phase of this model. Treatment with L-NAME (s.c. at a dose of 100 mg/kg/day from day 3 to day 6) decreased extravasation of perfused-250-kDa dextran and significantly inhibited the regenerative repair of PTs at day 6 when compared with vehicle-treated rats. In conclusion, plasma protein extravasation occurred, leading to matrix remodeling, such as the process of wound healing during the tubular repair in gentamicin-induced ARF. Since VEGF-induced vascular hyperpermeability may depend on NO production, VEGF/VEGF receptor system with eNOS induction might be responsible for this process.